Introduction. In 2011 Danish national guidelines were changed towards a more aggressive induction and fetal surveillance policy from (1) Furthermore, a decline in perinatal deaths from 1.3& to 0.8& (OR adjusted 0.62, 95% CI 0.39-0.96, p = 0.033) and vacuum extraction (OR adjusted 0.86, 95% CI 0.82-0.90, p = 0.007) was observed. The risk of cesarean section (OR adjusted 0.98, 95% CI 0.94-1.02, p = 0.251), Apgar score below 7 at five minutes (OR adjusted 0.96, 95% CI 0.81-1.14, p = 0.0.678) and admissions to the neonatal department (OR adjusted 1.04, 95% CI 1.00-1.14, p = 0.064) did not change, whereas induction of labor increased from 28.2 to 42.6% (OR adjusted 1.89, 95% CI 1.84-1.95, p < 0.001). Conclusions. This study showed a decline in stillbirths and perinatal mortality after implementation of new Danish guidelines for post-date pregnancies. The risk of interventions as cesarean section and vacuum extraction remained stable despite an increase in labor inductions.
Abstract
Introduction. In 2011 Danish national guidelines were changed towards a more aggressive induction and fetal surveillance policy from (1) induction of labor at gestational age (GA) of 42 +0 weeks and (2) no fetal surveillance after 40 +0 weeks to (1) induction of labor between 41 +2 and 41 +6 weeks, (2) earlier induction at 41 +0 weeks in the case of maternal age >40 years or body mass index (BMI) >35 kg/m 2 and (3) fetal surveillance at GA 41 +0 weeks. Material and methods. This national cohort study included all pregnancies that reached 41 +0 weeks of gestation in 2008-2014 (n = 102 167). Multivariate logistic regression analyses were used to estimate risks in the years after (2012-2014) vs. before (2008) (2009) (2010) ) new national guidelines, adjusted for maternal age, BMI, and parity. Results. We observed a decline in stillbirths from 0.9& to 0.5& [odds ratio (OR) adjusted 0.50, 95% CI 0.29-0.89, p = 0.018]. Furthermore, a decline in perinatal deaths from 1.3& to 0.8& (OR adjusted 0.62, 95% CI 0.39-0.96, p = 0.033) and vacuum extraction (OR adjusted 0.86, 95% CI 0.82-0.90, p = 0.007) was observed. The risk of cesarean section (OR adjusted 0.98, 95% CI 0.94-1.02, p = 0.251), Apgar score below 7 at five minutes (OR adjusted 0.96, 95% CI 0.81-1.14, p = 0.0.678) and admissions to the neonatal department (OR adjusted 1.04, 95% CI 1.00-1.14, p = 0.064) did not change, whereas induction of labor increased from 28.2 to 42.6% (OR adjusted 1.89, 95% CI 1.84-1.95, p < 0.001). Conclusions. This study showed a decline in stillbirths and perinatal mortality after implementation of new Danish guidelines for post-date pregnancies. The risk of interventions as cesarean section and vacuum extraction remained stable despite an increase in labor inductions.
Introduction
Increasing gestational age (GA) beyond 40 weeks is associated with increasing risk of perinatal death and perinatal complications, including asphyxia, fetal distress, sepsis, meconium aspiration, and admission of the newborn to the neonatal intensive care unit (NICU) (1) (2) (3) (4) (5) . In addition, studies by Stephansson et al. (6) showed further
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A significant decline in stillbirths and perinatal deaths was observed after the implementation of a more aggressive induction policy after 41 weeks' gestation, although the risk of instrumental deliveries and cesarean sections remained stable. increased risk of intrauterine death after 37 +0 weeks' gestation in pregnancies complicated by high maternal age [≥35 years, odds ratio (OR) 3.6, 95% confidence interval (CI) 1.8-7.2] and high maternal body mass index (BMI) (BMI ≥30 kg/m 2 , OR 2.8, 95% CI 1.3-6.0). Induction of labor seems to reduce these risks, but the optimal GA for this intervention remains to be established. Thus, a Cochrane review including 17 randomized controlled trials with a total of 7404 pregnancies found a reduced risk of perinatal mortality when labor was induced at or beyond 41 weeks' gestation as compared with awaiting spontaneous labor (relative risk 0.31; 95% CI 0.12-0.88) (7) . This policy, leading to a doubling of the rate of medically induced deliveries, does not seem to change the incidence of acute cesarean section but increases the duration of labor and the use of epidural analgesia (7, 8) .
Therefore, the Danish national guidelines for post-date pregnancies were updated in 2011, towards a stricter induction policy ( +0 weeks, which may include evaluation of fetal well-being by cardiotocography (CTG) and an ultrasound scan with estimation of the amount of amniotic fluid and, if indicated, fetal weight and Doppler flows in the umbilical arteries and the middle cerebral artery. As these three changes were implemented within a short time span in a relatively large population registered in one national database, it was possible to evaluate the effect of these changes on rare outcomes such as stillbirth and perinatal mortality.
The aim of the present study was therefore to investigate whether the changes in management of post-date pregnancies have reduced perinatal mortality and morbidity, and whether these changes have any impact on the risk of obstetric complications in pregnancies at or beyond 41 +0 gestational weeks.
Material and methods
This national cohort study included 102 167 singleton deliveries with GA at or beyond 41 +0 weeks' gestation, among a total of 418 383 deliveries from 2008 to 2014. Data were collected from the Danish Medical Birth Registry, which records International Classifications of Diseases diagnostic codes (ICD-10) on all deliveries in Denmark (9) . We excluded 9507 cases, as information on GA at delivery was missing. Patient information was anonymized and de-identified prior to analysis, and consent from patients was not obtained.
Due date was estimated by means of the crown-rump length (CRL) using the formula of Robinson et al. (10) , measured at the first-trimester scan between GA 11 +3 and 13 +6 weeks. All pregnant women in Denmark are offered a free-of-charge first-trimester ultrasound scan according to national antenatal recommendations; in 2012, 93% of all women participated in the scan (The Danish Fetal database, Yearly National Report, 2012) (11). The due dates for the majority of the remaining 7% were estimated by means of the head circumference in a scan performed after GA 14 +0 weeks. Maternal BMI was calculated from pre-pregnancy weight and height [weight in kg/(height in m) 2 ] and maternal age was defined as maternal age at delivery.
The primary outcomes studied were stillbirth and perinatal death. Secondary outcomes were induction of labor, cesarean section, vacuum extraction, low Apgar score and admission of the newborn.
Stillbirth was defined as death of the fetus after GA 22 +0 weeks. Perinatal death was defined as fetal death after GA 22 +0 weeks or death of the newborn up to 1 week after birth. We included all cesarean sections, both those performed prior to and during labor; however, due to the GAs studied (≥41 weeks' gestation), 80% of the cesarean sections were emergency procedures performed less than eight hours after decision and 20% were performed subacutely (scheduled). Vacuum extraction was performed by obstetricians on indications including suspicion of immediate or potential fetal compromise, prolonged second stage of delivery or maternal exhaustion. Use of forceps is performed very rarely in Denmark and therefore is not included in this study. Low Apgar score was defined as a score below 7 at 5 min. Admission to the pediatric department included admissions both to To ensure that individual labor wards were compliant with the national guidelines, they were asked to complete a questionnaire about their management of post-date pregnancies in 2010 and 2012.
Statistical analyses
We used STATA release 14 (StataCorp, College Station, TX, USA) for the statistical analyses. As the updated Danish national guidelines were implemented during 2011, we focused our analyses on the years before and after 2011 (period I: 2008-2010) and (period II: 2012-2014). To estimate the effect of the new Danish guidelines, we compared risks in period II to period I using logistic regression analyses. OR are presented with 95% CI. Statistical significance was defined as a two-sided p-value of less than 5%. Multiple logistic regression analyses were used to adjust for possible confounders: maternal age, maternal BMI and parity. These covariates were chosen as they are known to be associated with an increased risk of stillbirth, perinatal death and adverse obstetric outcomes (6, 12) . Stillbirth per ongoing pregnancies was analyzed by the Nelson-Aalen cumulative hazard function with GA in days as time-scale. Analyses were divided into two groups (periods I and II). The purpose of these analyses was to asses whether changes in the risk of stillbirth were seen generally through the birth cohort and not only after 41 weeks' gestation.
The research project was approved by the Danish Data Projection Agency no. 1-16-02-261-13.
Results
This national cohort study included 102 167 pregnancies that reached 41 +0 weeks' gestation from 2008 to 2014 (Table 2) . When comparing the two periods 2008-2010 and 2012-2014, the rates of deliveries with GA ≥41 +0 weeks increased slightly. In the study group the proportion of pregnant women with BMI >35 kg/m 2 and age >40 years remained stable. However, a significant increase in the proportion of nulliparous was found ( Table 2 ). Of the 9507 cases excluded on missing GA, 365 (3.84%) were coded as stillbirths and 521 (5.48%) as perinatal deaths.
The implementation of the new national guidelines was associated with a considerable decrease in deliveries after 42 +0 weeks' gestation from approximately 3% in period I (2008-2010) to 0.6% in period II (2011-2014) ( Table 2 ). All obstetric departments in Denmark completed the questionnaire, which showed that the vast majority of pregnancies were managed according to the new national guidelines in 2012, but not in 2010 (Table 3) , albeit in 2010 most departments had implemented some sort of fetal surveillance in pregnancies after 40 weeks' gestation. The content of surveillance varied among departments, but from 2010 to 2012 increasing antenatal surveillance at an earlier GA was seen, and in 2012 all departments had implemented a clinical control between GA 40 +0 and 41 +6 weeks. To evaluate whether the changes in risk of stillbirth could be ascribed to a general trend over time, we performed Nelson-Aalen estimates with all deliveries at any GA included. These analyses were separated according to period I (2008-2010) and period II (2012-2014). We found that the cumulative hazards were very similar in the two groups until 41 +0 weeks' gestation (287 days) (Figure 1 10.2% (OR adjusted 0.86, 95% CI 0.82-0.90, p < 0.001) ( Table 3) . To evaluate this decline we analyzed all term deliveries (GA ≥37 +0 weeks) and found a general decline (OR adjusted 0.86, 95% CI 0.84-0.88, p > 0.001). Furthermore, the risk of a low Apgar score (OR adjusted 0.96, 95% CI 0.81-1.14, p = 0.678) and admission of the newborn did not change significantly (OR adjusted 1.04, 95% CI 1.00-1.12, p = 0.064).
Discussion
This study showed a significant decline in stillbirths and perinatal mortality after implementation of new national guidelines for management of post-date pregnancies. The guideline changes involved induction of labor in low risk pregnancies at 41 +2 to 41 +6 instead of 42 +0 weeks, induction of labor in high-risk pregnancies at 41 +0 instead of 42 +0 weeks, and fetal surveillance around 41 +0 weeks. Although we observed an increase in induction of labor after implementation of the new guidelines, the risk of cesarean section and vacuum extractions did not increase concomitantly; actually, the risk of vacuum extraction followed the same tendency as in all term deliveries, showing a significant decrease.
The strength of this study is the nationwide study design with inclusion of the complete singleton delivery cohort in Denmark with a certain GA at or beyond 41 +0 weeks assigned to the same national guidelines, thus allowing for analyses of rare outcomes such as stillbirth and perinatal mortality with adjustment for relevant confounders. Questionnaires completed by all obstetric departments in Denmark confirmed that the obstetric departments all followed the national guideline, which was consistent with the major decline in pregnancies that reached GA 42 +0 weeks after 2011. The retrospective design is of course a limitation. However, besides the changes in managing post-date pregnancies, no general changes in the antenatal care were implemented in the study period. Furthermore, the Nelson-Aalen estimates showed exactly the same cumulative hazards of stillbirth at day 287 (GA 41 +0 weeks) in the two periods. This supports both that the decline in stillbirths found in this study is not just a general decline seen in all GAs, but restricted to pregnancies reaching 41 weeks, and that it is not just a consequence of stillbirths at earlier GAs. The risk of residual confounding from induction of complicated pregnancies is minimal, as pregnancies with maternal diabetes or gestational diabetes mellitus, preeclampsia, hypertension, twin or higher order pregnancies, fetal growth restriction or intrahepatic cholestasis were induced no later than 41 completed gestational weeks throughout the entire study period. We were not able to adjust for smoking and major birth defects, as this information was not available, but the screening for structural abnormalities was unchanged during the study period. Not all departments adhered to recommendations of labor induction before 41 +0 gestational weeks in pregnancies conceived by assisted reproductive technology (ART). The reason was partly the publication of a Nordic study showing no increased risk of perinatal mortality or stillbirth in ART post-date pregnancies (13) . Hence, a decreasing mortality rate in ART in general can hardly explain the declining mortality observed after implementation of the new guidelines. We assume that the majority of cases excluded because of missing GA has a GA below 24 weeks, as these are much more likely to be insufficiently coded, which explains the high rates of stillbirths and perinatal deaths among them.
Our results suggest that the new Danish guidelines recommending labor induction of low risk pregnancies a few days before 42 +0 weeks' gestation instead of at 42 +0 weeks' gestation saves nearly 0.5& (0.09-0.05%) of the fetuses beyond 41 +0 weeks' gestation and that the costs in terms of additional labor inductions is 14.6% (42.61% minus 28.24%). This equates to about 350 extra inductions to save one fetal death, a figure we consider cost-effective, especially as the risk of instrumental delivery and cesarean section is not affected. Our results are supported by another Danish study, where the risk of stillbirth from 37 to 40 weeks were studied in 2000-2012. They found a generally decreasing risk of stillbirth in term pregnancies in Denmark throughout the years studied (14) . Furthermore, an American study from 2011 using a cost effectiveness model based on the literature concluded that elective induction of labor at 41 weeks is cost-effective and improves outcomes (15) .
The importance of some elements of the new guidelines still remains to be evaluated, i.e. maternal morbidity, cost-effectiveness and the special management of subgroups with risk factors (maternal age >40 years and maternal BMI >35 kg/m 2 ). In addition, women's experiences need to be evaluated in Denmark, although in Norway, Heimstad et al. (16) showed that 74% of women preferred induction of labor at 41 weeks instead of expectant management after 41 weeks (16).
Our conclusion is that this study strongly supports labor induction before 42 +0 weeks' gestation in low risk pregnancies and at an even lower GA in pregnancies at increased risk due to high maternal age or BMI above 35, as well as fetal surveillance at 41 +0 weeks' gestation. Further studies are needed to evaluate the pros and cons of induction of labor at even lower GAs.
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